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INTEGRATED CIRCUIT PROVIDED WITH A PROTECTION AGAINST 
ELECTROSTATIC DISCHARGES 

Background Of The Invention 

5 

1 . Field of the Invention 

The present invention relates to integrated circuits protected against electrostatic 
discharges (ESD), and especially to such circuits provided to have low power consumption 
outside of their operating phases. 

10 

2. Discussion of the Related Art 

Conventionally, an integrated circuit includes pads for exchanging signals with the 
outside and functional blocks connected to these pads. Many elements of these functional 
blocks, in particular transistors, can be damaged by overvoltages such as electrostatic 
15 discharges introduced on the pads by an operator upon handling of the circuit. 

Fig. 1 schematically shows an integrated circuit 2. Circuit 2 includes a functional 
block 4 connected by a node A to an output pad 6. The other functional blocks and the other 
circuit pads have not been shown. The protection of circuit 2 against electrostatic discharges 
includes a one-way conduction element 8 arranged between pad 6 and a supply line 10 
20 (VDD). The circuit protection also includes a one-way conduction element 12 arranged 
between pad 6 and a ground line 14 (GND). The other pads of circuit 2 are connected in the 
same way by one-way conduction elements to lines 10 and 14. 

Element 8 is conductive in the pad-to-supply line direction when the voltage on pad 6 
exceeds voltage VDD by a threshold voltage VT1. Similarly, element 12 is conductive in the 
25 ground-to-pad direction when the voltage on pad 6 is smaller by a threshold voltage VT2 than 
the voltage of line 14. 

Fig. 2 illustrates the variations of voltage V s present on pad 6 during an overvoltage 
V ESD due to a positive electrostatic discharge. Voltage V ESD increases rapidly, for example in 
10 ns, to reach a high voltage VMAX, for example on the order of 4000 V, then decreases 
30 according to an exponential curve. 

In Fig. 2, the scales have not been respected for clarity. Voltage V s follows curve V ESD 
as long as V ESD < VDD + VT1. When voltage V ESD exceeds voltage VDD + VT1, element 8 is 
conductive and electrically connects pad 6 and line 10. A clipping device (not shown), 
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arranged between lines 10 and 14, turns on and directs the power of the electrostatic 
discharge to the ground. Voltage V s thus does not exceed value VDD + VT1. Similarly, when 
pad 6 is submitted to a negative overvoltage, voltage V s does not exceed value GND - VT2. 
Further, if the overvoltage occurs between a first and a second pad of the circuit, the charge 

5 evacuation is performed from one pad to the other via one-way conduction element 8 of the 
first pad, the clipping device, and one-way conduction element 12 of the second pad, or 
conversely according to the sign of the overvoltage. 

Conventionally, element 8 and element 12 are diodes. Threshold voltages VT1 and 
VT2 are thus both equal to approximately 0.6 V. Now, in many applications, it is desirable 

10 for an integrated circuit to be able to provide an output voltage V s of high amplitude, for 
example one or several volts. With the protection device just described, the circuit cannot 
provide on pad 6 a voltage V A greater than VDD + VT1 or smaller than GND - VT2 without 
it being clipped. Therefore, in integrated circuits, the output pad(s) likely to provide a signal 
of high amplitude are generally left with no protection, with the risk of destruction by 

15 electrostatic discharge that this implies. 

In French patent application FR-A-2,782,581, the applicant has solved the problem of 
positive overvoltages by forming, between an output pad and positive supply line VDD, a 
one-way conduction element having a threshold voltage greater than 0.6 V. This element is 
formed by connecting N diodes in series, the total threshold voltage being then substantially 

20 equal to N x 0.6 V. 

However, the forming of diode chains for the protection against negative overvoltages 
is a problem. For element 12, a single diode or, of necessary, two diodes in series, can be 
used in practice. 

To avoid clipping the low voltages of a voltage signal V A generated by block 4 with a 
25 high amplitude, for example with an excursion of twice threshold voltage VDD, 
conventionally equal to 3 V, a solution consists of choosing a threshold voltage VT1 
substantially equal to voltage VDD and of providing from output block 4 a signal V A having a 
voltage varying between GND (0 V) and voltage VDD + VT1 (6 V). This solution poses 
other problems. 

30 Fig. 3 illustrates the variations of such a signal V A . Voltage V A is a sinusoid of mean 

value equal to VDD and of excursion 2AV, where AV < VT1, on either side of voltage VDD. 
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Block 4 is connected to a load 16, external to the circuit. The case where block 4 includes an 
output amplifying stage including a bipolar transistor 18 having a collector connected to node 
A and to supply line 10 by an impedance 20, an emitter connected to ground line 14, and a 
base receiving the signal to be amplified, is considered. The D.C. impedance of inductive 
5 resistor 20 is substantially null. If load 1 6 has a low D.C. impedance R x between its input and 
the ground, a relatively high direct current can flow between supply line 10 and the ground 
via inductive resistor 20 and impedance R x . As an example, if impedance R r is 18 kQ, supply 
voltage VDD being 3 V, the direct current flowing through R : will be approximately 0.16 
mA. Such a current is not acceptable outside of circuit operating phases. Indeed, this direct 

10 current permanently flows through inductive resistor 20 and impedance R„ whether circuit 2 
is active or not. This overconsumption is particularly disturbing in a battery-supplied device. 
For example, a cell phone circuit must have, when idle, a maximum consumption of 5 uA. 

To solve the problem of overconsumption in the idle state, the applicant has attempted 
to place a capacitor between load 16 and pad 6. This capacitor conducts the A.C. signal 

15 provided by block 4 and prevents the direct current from flowing through Rj. Such a capacitor 
solves the problem. However, this capacitor is a discrete component external to the circuit. It 
is bulky, expensive, and goes against the constant tendency aiming at a maximum integration 
of the components. 

The applicant has then attempted to form a capacitor in integrated form between pad 6 
20 and block 4. However, the introduction of a capacitor at this location poses the following 
problems, described in relation with Figs. 4 and 5. 

Fig. 4 very schematically shows a circuit 2' similar to the circuit of Fig. 1, in which 
same references designate same elements, a capacitor C being connected between node A and 
pad 6. 

25 Fig. 5 illustrates the variations of voltage V s on pad 6 of the circuit of Fig. 4 when 

voltage V A follows the curve of Fig. 3. The connection between inductive resistor 20 and 
impedance R : being cut in direct current by capacitor C, no direct current crosses impedance 
Rj. The D.C. component of voltage V s is thus null. The A.C. component of voltage V s is the 
same as that of voltage V A and voltage V s is a sinusoid of amplitude AV having a null mean 

30 value. It has been previously seen that voltage VT2 is small (on the order of 0.6 V). If 
amplitude AV is substantially equal to VDD, the negative halfwaves of voltage V s will be 
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clipped. 

To avoid this, one-way conduction element 12 may be eliminated from the pads 
intended to provide signals having a high amplitude. This has the disadvantage of decreasing 
the protection of the circuit, the output pad(s) of which are not protected against negative 
overvoltages. 

Summary Of The Invention 

An object of the present invention is to provide an integrated circuit including a 
complete protection against electrostatic discharges and that can have a reduced power 
consumption. 

Another object of the present invention is to provide such a circuit that uses no 
discrete components. 

To achieve these objects, as well as others, the present invention provides an 
integrated circuit including an output pad, an output block coupled to the output pad via a 
capacitor, a first one-way conduction element for connecting the pad to a supply line when 
the voltage on the pad exceeds the voltage of the supply line by a first threshold voltage, a 
second one-way conduction element for connecting the pad to the circuit ground when the 
voltage on the pad is smaller than the ground voltage by a second threshold voltage, further 
including a resistor coupled on the one hand to the output pad and on the other hand to the 
supply line via a switch controlled to be turned off when the circuit is idle and to be turned on 
when the circuit is in a normal operating mode. 

According to an embodiment of the present invention, the resistor has a small value as 
compared to the D.C. impedance of the load likely to be connected to the pad and a large 
value as compared to the A.C. impedance of the load. 

According to an embodiment of the present invention, the switch is a MOS transistor. 

According to an embodiment of the present invention, the first one-way conduction 
element is formed of a group of series-connected diodes. 

According to an embodiment of the present invention, the second one-way conduction 
element includes two series-connected diodes. 

According to an embodiment of the present invention, the output block includes a 
bipolar transistor, the collector of which is connected to the capacitor, the emitter of which is 
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grounded, and the base of which receives the signal to be amplified, and an inductive resistor 
connected between the collector of the bipolar transistor and the supply line. 

The foregoing objects, features and advantages of the present invention, will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1, previously described, schematically shows a conventional integrated circuit 
provided with a protection against electrostatic discharges; 

Fig. 2, previously described, illustrates the operation of the protection against 
electrostatic discharges of the circuit of Fig. I; 

Fig. 3, previously described, illustrates the voltage variations of a signal provided by 
the circuit of Fig. 1; 

Fig. 4, previously described, schematically shows an integrated circuit provided with 
15 a capacitor; 

Fig. 5, previously described, illustrates the voltage variations of a signal provided by 
the circuit of Fig. 4; 

Fig. 6 schematically shows an integrated circuit according to the present invention; 

and 

20 Fig. 7 illustrates the voltage variations of a signal provided by the circuit of Fig. 6. 

Detailed Description 

In the drawings, the same references designate the same elements. For clarity, only 
those elements necessary to the understanding of the present invention have been shown. 

25 Fig. 6 schematically shows an integrated circuit 2" according to the present invention. 

The circuit includes an output block 4 connected to an output pad 6 via a capacitor C. Pad 6 is 
connected to a supply line 10 (VDD) and to a ground line 14 (GND) via one-way conduction 
elements, respectively 8 and 12. A load 16, external to the circuit, is coupled to pad 6. Load 
16 is, for example, a surface acoustic wave (SAW) type filter, coupled to an antenna. 

30 According to the present invention, a first terminal of a resistor 24 is connected to pad 

6. The second terminal of resistor 24 is coupled to line 10 via a MOS transistor 26. 
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When the circuit is in a normal operating mode, transistor 26 is turned on and a direct 
current flows between line 10 and the ground via transistor 26, in the on state, resistor 24 and 
D.C. impedance R x of load 16. Transistor 26 exhibits, in this case, a voltage drop V ON across 
its terminals. The value of resistance 24 is chosen to be small as compared to the value of 
5 impedance R ls so that the voltage drop in resistor 24 is small as compared to the voltage drop 
in impedance R x . Thus, the D.C. component of voltage V s of pad 6 is substantially equal to 
VDD - V 0N . Conventionally, voltage V ON is on the order of 1 V. 

The value of resistance 24 is also chosen to be much greater than the A.C. impedance 
(not shown) of load 16. Thereby, a small portion only of the A.C. signal provided by block 4 

10 crosses resistor 24 and transistor 26. As an example, the A.C. impedance of load 16 has a 
value of 50 Q. If resistance 24 has a value equal to approximately 1 kQ, resistor 24 and 
transistor 26 only carry approximately one twentieth of the current of the A.C. signal 
provided by block 4 to pad 6. 

A resistor 24 having such a value occupies a small surface area of the integrated 

15 circuit. Further, transistor 26 which, when on, is used to raise the voltage of the D.C. 
component of voltage V s , can also be a transistor occupying a small surface area. As a result, 
the device formed by resistor 24 and transistor 26 has a low bulk. Moreover, the device 
formed by resistor 24 and transistor 26 does not disturb the operation of circuit 2, in particular 
if circuit 2 operates in the RF range. 

20 Fig. 7 schematically illustrates the variations of output voltage V s of the circuit of Fig. 

6 in normal operating mode, for a voltage V A that follows the curve of Fig. 3. Voltage V s is a 
sinusoid, the mean value of which is, as seen previously, equal to VDD - V ON , that is, 
approximately 2 V for V 0N = 1 V. The A.C. components of voltages V A and V s are equal, 
with an amplitude of AV. The minimum value reached by value V s is equal to VDD - V ON - 

25 AV. If AV is close to VDD, the minimum value of V s is equal to - V 0N . According to the 
present invention, voltage VT2 is chosen so that VT2 > V ON . Thus, voltage V s always 
remains greater than GND - VT2, and the signal generated by block 4 will not be clipped. 

According to the present invention, when the circuit is idle, that is, outside operating 
phases, transistor 26 is off. Capacitor C isolates load 16 from supply line 10, and no direct 

30 current flows through load 16. The circuit power consumption is then minimum. 

According to an embodiment of the present invention, one-way conduction device 8 
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includes a group of diodes in series, for example five diodes, each having a threshold voltage 
of 0.6 V to obtain a threshold voltage VT1 close to 3 V. 

One-way conduction device 12 may include two series-connected diodes, each diode 
having a threshold voltage of 0.6 V. 
5 Thus, according to the present invention, an integrated circuit having a complete 

protection against electrostatic discharges is provided, which consumes little power when idle 
and which, in an normal operating mode, can provide signals having a high amplitude and 
which are not clipped by the device of protection against electrostatic discharges. 

Of course, the present invention is likely to have various alterations, modifications, 
10 and improvements which will readily occur to those skilled in the art. In particular, an output 
block 4 having an output stage including an amplifier comprised of a bipolar transistor and of 
an inductive resistor has been described, but the present invention applies to any circuit or 
output stage of an integrated circuit requiring use of a pad with great negative dynamics. 

Such alterations, modifications, and improvements are intended to be part of this 
15 disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to be 
limiting. The present invention is limited only as defined in the following claims and the 
equivalents thereto. 

What is claimed is: 



